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(57) ABSTRACT

The energy conversion system comprises a primary and a
secondary modules. The primary module includes input
terminals, a primary winding, and a primary capacitor
connected to the primary winding and the mput terminals.
The secondary module includes output terminals, a second-
ary winding and a secondary capacitor connected to the
secondary winding and the output terminals. A current 1s
induced in the secondary winding when the primary and
secondary windings are magnetically coupled, the current
received between the input terminals flowing through the
primary winding.

The secondary module comprises a secondary switch elec-
trically connected to the secondary capacitor and the sec-
ondary winding, and means for controlling the secondary
switch, between a first configuration wherein the current
induced 1n the secondary winding flows up to the output
terminals, and a second configuration wherein said mnduced

current flows 1n a closed loop through the secondary wind-
ing and the secondary capacitor.

10 Claims, 7 Drawing Sheets
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ENERGY CONVERSION SYSTEM,
RECHARGING ASSEMBLY BY INDUCTION

AND METHODS FOR TRANSMITTING AND
RECEIVING ASSOCIATED DATA

BACKGROUND OF THE INVENTION

The present invention relates to an electric energy con-
version system, comprising a primary module and a sec-
ondary module. The primary module includes two input
terminals capable of receiving electric current, a primary
winding, and a primary capacitor connected to the primary
winding and the input terminals. The secondary module
includes two output terminals, a secondary winding, and a
secondary capacitor connected to the secondary winding and
the output terminals. A current can be induced in the
secondary winding when the primary winding and the
secondary winding are magnetically coupled, the current
received between the iput terminals tlowing through the
primary winding.

The mvention also relates to a recharging assembly by
induction for an electric battery, the assembly comprising a
recharging device and an electric vehicle, the electric vehicle
including the electric battery. The recharging assembly
comprises such an energy conversion system, the recharging
device including the primary module, the electric vehicle
including the secondary module, the mput terminals being
able to be connected to an electricity source and the output
terminals being able to be connected to the electric battery.

The mvention also relates to a method for transmitting
data and a method for receiving data within such an induc-
tion recharging assembly for an electric battery.

Known from document US 2010/0190436 Al 1s an elec-
tric energy conversion system and a recharging assembly of
the atorementioned type. The primary module 1s connected
to an electric grid, and the secondary module 1s connected to
the electric battery. The electric battery 1s able to be
recharged when the primary winding and the secondary
winding are magnetically coupled, for example when the
primary module 1s integrated into the roadway and the
clectric vehicle including the secondary module 1s situated
above the primary module. Before beginning recharging of
the electric battery, 1t 1s also necessary to pair the primary
module with the secondary module, 1.¢., to allow the primary
module to detect the presence of the secondary module, and
conversely to allow the secondary module to detect the
presence of the primary module. That pairing 1s done using,
two additional wireless communication modules capable of
communicating with each other, a first additional module
being connected to the primary module and a second addi-
tional module being connected to the secondary module.

However, such additional wireless communication mod-
ules are expensive and also increase the bulk of such an
induction recharging assembly.

BRIEF SUMMARY OF THE INVENTION

The aim of the mnvention 1s therefore to propose an electric
energy conversion system, as well as an associated induction
recharging assembly, that are less expensive and less bulky.

To that end, the invention relates to an electric energy
conversion system of the alorementioned type, 1n which the
secondary module further comprises a secondary switch
clectrically connected to the secondary capacitor and to the
secondary winding, and means for controlling the secondary
switch, the secondary switch being able to switch, revers-
ibly, between a first configuration in which the current
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2

induced 1n the secondary winding 1s able to flow up to the
output terminals, and a second configuration 1n which said
induced current 1s able to flow 1n a closed loop through the
secondary winding and the secondary capacitor without
being delivered to the output terminals.

Owing to the addition of the secondary switch according
to the invention, which can reversibly switch between a first
configuration, 1n which the current induced in the secondary
winding 1s able to flow up to the output terminals, and a
second configuration, 1 which said induced current is able
to flow 1n the closed loop through the secondary winding and
the secondary capacitor without being delivered to the
output terminals, 1t 1s possible pair the primary module with
the secondary module without additional wireless commu-
nication modules. In fact, as will be described 1n more detail
below, the second configuration makes 1t possible to perform
that pairing, while the first configuration allows the recharg-
ing of the electric battery.

According to other advantageous aspect of the invention,
the electric energy conversion system comprises one or
more of the following features, considered alone or accord-
ing to any technically possible combinations:

the secondary switch 1s connected in parallel with the

secondary winding and the secondary capacitor con-
nected in series on the one hand, and with the output
terminals on the other hand;

the secondary switch 1s connected in series between one

of the output terminals and one end of the secondary
winding, the secondary capacitor being connected 1n
parallel with the secondary winding on the one hand,
and with the output terminals on the other hand;

the conversion system 1s reversible, a current being able

to be induced in the primary winding when the primary
winding and the secondary winding are magnetically
coupled and a current received between the output
terminals tlows through the secondary winding, and the
primary module further comprises a primary switch
clectrically connected to the primary capacitor and to
the primary winding, and means for controlling the
primary switch, the primary switch being able to
switch, reversibly, between a third configuration, in
which the current induced in the primary winding 1is
able to flow up to the mput terminals, and a fourth
configuration, 1n which said induced current 1s able to
flow 1n a closed loop through the primary winding and
the primary capacitor without being delivered to the
input terminals;

the primary switch 1s connected 1n parallel with primary

winding and the primary capacitor connected 1n series
on the one hand, and with the mput terminals on the
other hand:

the primary switch 1s connected 1n series between one of

the input terminals and one end of the primary winding,
the primary capacitor being connected in parallel with
the primary winding on the one hand, and with the
input terminals on the other hand; and

the conversion system 1s able to convert one direct energy

into another direct energy, the primary module includ-
ing an mverter connected between the mput terminals
and the primary winding, and the secondary module
including a rectifier connected between the secondary
winding and the output terminals.

The invention also relates to an induction recharging
assembly for an electric battery, the assembly comprising a
device for recharging an electric vehicle by induction, the
clectric vehicle including the electric battery, wherein the
assembly comprises an energy conversion system as defined
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above, the induction recharging device including the pri-
mary module, the electric vehicle including the secondary

module, the input terminals being able to be connected to an
clectricity source and the output terminals being able to be
connected to the electric battery.

The mvention also relates to a method for transmitting,
data via a transmission module to a recerving module, within
an induction recharging assembly for an electric battery, the
assembly being as defined above, the method comprising the
following steps, carried out by the transmission module
chosen from among the primary module and the secondary
module:

controlling the switch of the receiving module among the

secondary switch and the primary switch, 1n the cor-
responding configuration from among the second con-
figuration and the fourth configuration,

detecting an electric signal induced in the winding of the

transmission module following the generation of at
least one electric pulse between the terminals of the
receiving module, the receiving module corresponding
to the other module among the primary module and the
secondary module, said induced signal flowing in the
closed loop through the winding and the capacitor of
the transmission module.

The invention also relates to a method for a receiving
module to receive data from a transmitting module, within
an induction recharging assembly for an electric battery, the
assembly being as defined above, the method comprising the
tollowing steps, carried out by the recerving module chosen
from among the primary module and the secondary module:

generating at least one electric pulse between the termi-

nals of the recerving module, and

performing a frequency analysis of an electric signal

flowing through the winding of the receiving module
following the pulse generated between the terminals of
the receiving module, i order to determine the con-
figuration of the switch from among the secondary
switch and the primary switch of the transmission
module, the transmission module corresponding to the
other module among the primary module and the
secondary module.

BRIEF DESCRIPTION OF THE

DRAWINGS

These features and advantages of the nvention will
appear upon reading the following description, provided
solely as a non-limiting example, and done in reference to
the appended drawings, in which:

FIG. 1 1s a diagrammatic 1llustration of an assembly for
recharging an electric battery, the assembly comprising a
recharging device, an electric vehicle and an electric energy
conversion system, the electric vehicle including the electric
battery,

FIG. 2 1s an electrical diagram of the electric energy
conversion system ol FIG. 1, according to a first embodi-
ment of the 1nvention, the conversion system comprising a
primary module and a secondary module, the secondary
module including a secondary switch capable of switching,
reversibly, between a first configuration 1mn which a current
induced 1n the secondary winding 1s able to flow up to the
output terminals of the conversion system, and a second
configuration m which the induced current 1s capable of
flowing 1n a closed loop through the secondary winding and
a secondary capacitor without being delivered to the output
terminals,

FIG. 3 1s a more detailed electrical diagram of the
conversion system of FIG. 2,
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4

FIG. 4 1s a flowchart of the data transmission and recep-
tion methods according to the invention,

FIG. 5 1s a set of curves showing the intensity of the
current flowing 1n the primary module, and the associated
spectral density, when the secondary switch of FIG. 2 1s 1n
its first configuration,

FIG. 6 1s a set of curves showing the intensity of the
current flowing in the primary module and the associated
spectral density, as well as the intensity of a current flowing,
in the secondary module and the associated spectral density,
when the secondary switch of FIG. 2 1s i its second
configuration,

FIG. 7 1s a set of curves showing the power, intensity and
phase of the current flowing 1n the primary module, as well
as a control signal for the secondary switch, during a data
transmission irom the secondary module to the primary
module,

FIG. 8 1s a set of curves showing the power, intensity and
phase of the current flowing 1n the primary module, the
power and the intensity of the current flowing in the sec-
ondary module, as well as the control signal of the secondary
switch, during an emergency stop of the recharging the
clectric battery, upon request from the secondary module,
and

FIGS. 9 to 11 are views similar to that of FIG. 2,
according to second, third and fourth embodiments, respec-
tively, of the invention.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

(L]
Y

ERRED

In the following of the description, the expression “sub-
stantially equal to” 1s to be understood as a relationship of
equality to within plus or minus 5%.

In FIG. 1, an induction recharging assembly 10 for an
clectric battery 12 comprises an induction recharging device
14 and an electric vehicle 16.

The 1induction recharging assembly 10 comprises an elec-
tric energy conversion system 18, including a primary
module 20 and a secondary module 22, the primary module
20 bemng comprised 1n the imnduction recharging device 14
and the secondary module 22 being comprised in the electric
vehicle 16.

The battery 12 1s known 1n 1tself. The battery 12 1s for
example a lithium battery, preferably a lithium-ion battery.
Alternatively, the battery 12 1s a nickel-sodium chloride
battery, of the ZEBRA (Zero Emission Battery Research
Activities) type.

The induction recharging device 14 is preferably designed
to be arranged 1n the roadway 24. The recharging device 14
comprises the primary module 20 and a protective housing
26 1nside which the primary module 20 1s arranged. The
protective housing 26 includes an orifice 28 for the passage
of the electrical connection 30 connecting the primary
module 20 to an electric grid 32.

The electric vehicle 16 1s known 1n 1tself, and comprises
the electric battery 12 and the secondary module 22, the
secondary module 22 being electrlcally connected to the
battery 12. The electric vehicle 16 1s demgned to be posi-
tioned above the recharging device 14 in order to recharge
the battery 12, as shown in FIG. 1.

The electric energy conversion system 18 1s capable of
converting one electric energy 1mnto another electric energy.
It can be connected to the electric grid 32 on the one hand,
and the electric battery 12 on the other hand.

The conversion system 18 1s then suitable for converting
the electric energy from the grid 32 into 1n another electric
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energy delivered to the battery 12, or reversibly, to convert
clectric energy from the battery 12 into another electric
energy provided to the grid 32.

The conversion system 18 1s preferably able to convert
one direct energy into another direct energy, the network 32
then being a direct network.

The primary module 20 comprises two input terminals 34
able to receive electric current, a primary winding .1 and
primary capacitor C1 connected to the primary winding 1.1
and the mput terminals 34, as shown in FIG. 2.

When the conversion system 18 1s suitable for receiving
a direct energy between the mput terminals 34, the primary
module 20 includes an inverter 36 connected between the
input terminals 34 and the primary winding L1.

In a complementary manner, the primary module 20
further comprises a primary switch SW1 electrically con-
nected to the primary capacitor C1 and the primary winding,
L1, and means (not shown) for commanding the primary
switch SW1. The primary switch SW1 1s a controllable
switch known i itself. The primary switch SW1 1s for
example made from at least one transistor, such as a MOS-
FET transistor (metal oxide semiconductor field effect tran-
sistor) or an IGBT transistor (insulated gate bipolar transis-
tor). Alternatively, the primary switch SW1 1s formed by at
least one thyristor.

The secondary module 22 comprises two output terminals
38, a secondary winding .2 and a secondary capacitor C2

connected to the secondary winding .2 and the output
terminals 38.

When the conversion system 18 1s suitable for delivering
direct energy between the output terminals 38, the secondary
module 22 includes a rectifier 40 connected between the
secondary winding 1.2 and the output terminals 38.

A current 12 can be imnduced 1n the secondary winding 1.2
when the primary winding .1 and the secondary winding 1.2
are magnetically coupled, for example when the electric
vehicle 16 1s positioned above the recharging device 14, the
current recerved between the mput terminals 38 tlowing
through the primary winding 1.

According to the invention, the secondary module 22
turther comprises a secondary SW2 electrically connected to
the secondary capacitor C2 and the secondary winding L2,
and means (not shown) for controlling the secondary switch
SW2. The secondary switch SW2 1s a controllable switch
known 1n itself. The secondary switch SW2 1s for example
made from at least one transistor, such as a MOSFET
transistor or an IGBT transistor. Alternatively, the secondary
switch SW2 1s formed from at least one thyristor.

The secondary switch SW2 1s able to switch, reversibly,
between a first configuration 1n which the current 12 induced
in the secondary winding L2 1s able to flow as far as the
output terminals 38, and a second configuration in which
said 1nduced current 12 1s able to flow 1n the closed loop
through the secondary winding .2 and the secondary capaci-
tor C2 without being delivered across the output terminals
38.

In a complementary manner, a current I1 can be mduced
in the primary winding .1 when the primary winding .1 and
the secondary winding 1.2 are magnetically coupled and a
current received between the output terminals 38 flows
through the secondary winding 1.2.

The primary switch SW1 1s then able to switch, reversibly,
between a third configuration in which the current I1
induced in the primary winding L1 1s able to tlow up to the
input terminals 34, and a fourth configuration 1n which said
induced current 11 1s able to tlow 1n the closed loop through
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6

the primary winding L1 and the primary capacitor C1
without being delivered to the mput terminals 34.

The mput terminals 34 can be connected to a power
supply source, such as the grid 32, and the output terminals
38 can be connected to the electric battery 12.

In the example embodiment of FIG. 2 where the grid 32
forms a voltage source, the primary switch SW1 1s con-
nected in parallel with the primary winding L1 and the
primary capacitor C1 that are connected 1n series on the one
hand, and with the mput terminals 34 on the other hand.

When the grid 32 forms a direct voltage source able to
deliver a direct voltage denoted Udc, the primary switch
SW1 1s connected 1n parallel with the inverter 36 on the side
of the inverter opposite the side connected to the nput
terminals 34.

In the example embodiment of FIG. 2 where the charge,
1.€., the battery 12, 1s supplied with voltage, the secondary
switch SW2 1s connected in parallel with the secondary
winding 1.2 and the secondary capacitor C2 that are con-
nected in series on the one hand, and with the output
terminals 38 on the other hand.

When the charge i1s supplied with direct voltage, the
secondary switch SW2 1s connected in parallel with the
rectifier 40 on the side of the rectifier opposite the sid
connected to the output terminals 38.

In the example embodiment of FIG. 2, the first configu-
ration corresponds to the open position of the secondary
switch SW2, and the second configuration corresponds to
the closed position of the secondary SW2.

In the example embodiment of FIG. 2, the third configu-
ration corresponds to the open position of the primary switch
SW1, and the fourth configuration corresponds to the closed
position of the primary switch SW1.

According to this first embodiment, the conversion sys-
tem 18 has an arrangement called senial-serial, the primary
C1 and secondary C2 capacitors being connected in series
with the primary winding [.1 and the secondary winding 1.2,
respectively.

In FIG. 3, which shows a detailed electrical diagram of the
conversion system 18, in a serial-serial arrangement 1denti-
cal to that of FIG. 2, the inverter 36 and the rectifier 40 each
include an H bridge, as 1s known 1n itself.

The mverter 36 includes a first switching branch 42 and
a second switching bridge 44, connected 1n parallel to each
other and between the input terminals 34, the first switching
branch 42 including a first switch 46 and a second switch 48
that are connected 1n series between the mput terminals 34
and connected to each other by a first midpoint 50, and the
second switching branch 44 including a third switch 52 and
a fourth switch 34 connected in series between the put
terminals 34 and connected to each other by a second
midpoint 56.

The primary capacitor C1 and the primary winding L1 are
then connected 1n series between the first midpoint 50 and
the second midpoint 56.

The rectifier 40 includes a third switching branch 58 and
a fourth switching branch 60, connected to each other 1n
parallel and between the output terminals 38, the third
switching branch 50 including a fifth switch 62 and a sixth
switch 64 connected 1n series between the output terminals
38 and connected to each other by a third midpoint 66, the
fourth switching branch 60 including a seventh switch 68
and an eighth switch 70 connected 1n series between the
output terminals 38 and connected to each other by a fourth
midpoint 72.
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The secondary capacitor C2 and the secondary winding
[.2 are then connected 1n series between the third midpoint
66 and the fourth midpoint 72.

The first 46, second 48, third 52, fourth 54, fifth 62, sixth
64, secventh 68 and eighth 70 switches are, for example, each
formed by a transistor T1 and a diode D1 connected 1n
antiparallel with the transistor T1, where 1 1s an integer 1ndex
comprised between 1 and 8 and corresponding to the number
of the respective switch.

In the example embodiment of FIG. 3, the primary switch
SW1 1s formed by the switches 46, 48, 52, 34 of the imnverter
36, the closing of the primary switch SW1 1s obtained by
closing the second switches 48, 34 and/or by closing the first
and third switches 46, 52. The opening of the primary switch
SW1 1s obtained by opening all of the switches 46, 48, 52,
54 of the inverter 36.

Similarly, in the example embodiment of FIG. 3, the
secondary switch SW2 1s formed by the switches 62, 64, 68,
70 of the rectifier 40. The closing of the secondary switch
SW2 1s obtained by closing the sixth and eighth switches 64,
70 and/or by closing the fifth and seventh switches 62, 68.
The opening of the secondary switch SW2 1s obtained by
opening all of the switches 62, 64, 68, 70 of the rectifier 40.

The mverter 36 and/or the rectifier 40 as described 1 in the
example embodiment of FIG. 3 makes 1t p0351ble to offer a
reversibility 1n the flow of current 1n the primary module 20
and/or 1n the secondary module 22, while saving on com-
ponents, the primary switch SW1 and/or the secondary
switch SW2 being formed by the switches of the inverter 36
and/or the rectifier 40, not requiring an additional switching
component.

The operation of the induction recharging assembly 10
according to the invention, and more particularly the energy
conversion system 18, will now be described using the
flowchart of FIG. 4 and the different curves shown 1 FIGS.
> to 8.

When the conversion system 18 according to the inven-
tion comprises only the secondary switch SW2, and the
primary module 20 does not include a primary switch
connected to the primary capacitor C1 and the primary
winding L1, the conversion system 18 allows the primary
module 20 to detect the presence or absence of the secondary
module 22, and allows the secondary module 22 to transmit
data to the primary module 20. The secondary module 22 1s
then called transmitting module, and the primary module 20
1s called the receiving module.

In a complementary matter, when the conversion system
18 according to the invention comprises both the primary
switch SW1 and the secondary switch SW2, the conversion
system 18 allows each module 20, 22 to detect the presence
or absence of the other module 22, 20. More generally, the
conversion system 18 allows the transmission of data by a
transmission module chosen from among the primary mod-
ule 20 and the secondary module 22 and a recerving module
corresponding to the other module from among the primary
module 20 and the secondary module 22. In other words, the
conversion system 18 allows an exchange of data 1n a first
direction, from the primary module 20 to the secondary
module 22, or 1n a second direction opposite the first
direction, from the secondary module 22 to the primary
module 20.

During the mitial step 100, shown in FIG. 4, the trans-
mission module commands a switch among the secondary
switch SW2 and the primary switch SW1 nto the corre-
sponding configuration from among the second configura-
tion and the fourth configuration, such that a signal induced
in the winding from among the secondary winding 1.2 and
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the primary winding L1 of the transmission module will
flow 1n a closed loop through said winding and the capacitor
of the transmission module.

During the following step 110, the receiving module
generates an clectric pulse through 1ts winding from among
the primary winding .1 and the secondary winding 1.2, and
that electric pulse then creates an electric signal 111duced n
the winding of the transmission module.

The transmission module then detects the electric signal
induced 1n 1ts winding during step 120, said induced signal
flowing in the closed loop through the winding and the
capacitor of the transmission module through the positioning
of the switch of the transmission module among the sec-
ondary switch SW2 and the primary switch SW1 1n the
corresponding configuration among the second configura-
tion and the fourth configuration.

During step 130, the receiving module then performs a
frequency analysis of the electric signal flowing through 1ts
winding 1n order to determine the configuration of the switch
of the transmission module from among the secondary
switch SW2 and the primary switch SW1. The receiving
module then determines the data transmitted by the trans-
mission module based on the spectral density of the electric
signal flowing through 1ts winding.

In FIG. §, a curve 200 shows the intensity of the current
flowing through the winding of the recerving module from
among the primary winding .1 and the secondary winding
L2, such as the primary winding .1 of the primary module
20, and a curve 210 shows the spectral density of that
intensity, when the transmission module, such as the sec-
ondary module 22, is not magnetically coupled with the
receiving module or the switch of the transmission module
from among the secondary switch SW2 and the primary
switch SW1 1s 1n the corresponding configuration from
among the first configuration and the third configuration.
The curve 200 then shows that the intensity of the current
flowing through the winding of the receirving module
decreases over time, and the current has a single resonance
frequency substantially equal to 85 kHz, as shown by curve
210.

In FIG. 6, a curve 230 shows the intensity of the current
flowing through the winding of the receiving module, and a
curve 240 shows the spectral density of that intensity, when
the transmission module 1s magnetically coupled with the
receiving module and the switch of the transmission module
1s 1n the corresponding configuration from among the second
configuration and the fourth configuration. A curve 250
shows the intensity of the current flowing through the
winding of the transmission module, and a curve 260 shows
the spectral density of that intensity. The curves 230 and 2350
show that the amplitudes of these currents oscillate more
over time, and that these currents each have two resonance
frequencies substantially equal to 78 kHz and 95 kHz, as
respectively shown by curves 240 and 260.

Thus, when the transmission module has positioned its
switch from among the secondary switch SW2 and the
primary switch SW1 1n the appropriate configuration from
among the second configuration and the fourth configura-
tion, that difference relative to the number of resonance
frequencies allows the receiving module to detect the pres-
ence of the transmission module that 1s magnetically
coupled to the receiving module.

In FI1G. 7, curves 300, 310 and 320 respectively show the
power, intensity and phase of the current flowing in the
receiving module, and a curve 330 shows a control signal of
the switch of the transmission module from among the
secondary switch SW2 and the primary switch SW1, during
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a data transmission from the transmission module to the
receiving module. The control signal of the switch has a
level equal to 1 1n order to command the switch of the
transmission module into the corresponding configuration
from among the second configuration and the fourth con-
figuration, and a level equal to O to command said switch
into the corresponding configuration from among the {first
configuration and the third configuration.

In order to transmit data to the receiving module, the
control signal of the switch of the transmission module then
has a pulse varying from O to 1, and that pulse 1s easily
detectable by the receiving model, since 1t creates a short-
term disruption of the power, amplitude and phase of the
current flowing in the winding of the receiving module, as
shown 1n FIG. 7 for curves 300, 310 and 320 after each of
the two pulses visible on curve 340.

The conversion system 18 according to the mvention then
makes 1t possible to send data from the transmission module,
including the corresponding switch from among the second-
ary switch SW2 and the primary switch SW1, to the receiv-
ing module without disrupting the charge of the electric
battery 12, as shown by curves 300, 310, and 320 of FIG. 7.

In FIG. 8, curves 400, 410 and 420 respectively show the
power, intensity and phase of the current flowing in the
receiving module, and curves 430 and 440 respectively
show the power and 1ntensity of the current tlowing 1n the
transmission module. Lastly, a curve 450 shows the control
signal of the switch of the transmission module, such as the
secondary switch SW2, during a transmission of data from
the transmission module to the recerving module, 1 par-
ticular during a request for an emergency stop from the
secondary module 22 connected to the battery 12. For an
emergency stop request, the control signal of the switch does
not include a pulse varying from O to 1, then again at O, has
a plateau equal to 1 to command the switch of the trans-
mission module into the corresponding configuration from
among the second configuration and the fourth configura-
tion, such as the second configuration, once the emergency
stop 1s requested.

The emergency stop request 1s thus a particular transmis-
sion of a datum intended for the receiving module, the
control signal of the switch of the transmission module then
has a plateau at 1, and that plateau 1s easily detectable by the
receiving module, since 1t creates an intensity drop and
significant disruptions on the phase, as shown 1n FIG. 8 for
curves 410 and 420 after the beginning of the plateau at 1
shown on curve 4350.

The conversion system 18 according to the mnvention then
makes 1t possible, for the secondary module 22 connected to
the battery 12, to request an emergency stop of the charging
of the battery 12 from the primary module 20.

FIG. 9 1llustrates a second embodiment of the invention
for which elements 1dentical to the first embodiment, pre-
viously described, are identified using i1dentical references.

According to this second embodiment, the primary mod-
ule 20 1s powered by a current source, the grid 32 being able
to deliver a current, such as a direct current Idc, and the
charge 1s also supplied with current, an electric coil Lc being
connected 1n series with the battery 12.

According to this second embodiment, the conversion
system 18 then has an arrangement called parallel-parallel,
the primary C1 and secondary C2 capacitors being con-
nected in parallel with the primary winding 1.1 and the
secondary winding 1.2.

The secondary switch SW2 1s then connected 1n series
between one of the output terminals 38 and one end of the
secondary winding L2, the secondary capacitor C2 being
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connected 1n parallel with secondary winding .2 on the one
hand, and the output terminals 38 on the other hand.

In a complementary manner, the primary switch SW1 1s
connected 1n series between one of the terminals 34 and one
end of the primary winding L1, the primary capacitor C1
being active in parallel with the primary winding L1 on the
one hand, and with the mput terminals 34 on the other hand.

The operation of the second embodiment 1s 1dentical to
that of the first embodiment previously described, and 1s not
described again, a current calibration applied between the
input terminals 34 of the parallel-parallel arrangement of the
second embodiment being equivalent to a voltage calibration
applied between the mput terminals 34 of the serial-serial
arrangement of the first embodiment.

The advantages of the second embodiment are 1dentical to
those of the first embodiment, described previously, and are
not described again.

FIG. 10 1llustrates a third embodiment of the invention for
which the elements 1dentical to the first embodiment, pre-
viously described, are identified using 1dentical references.

According to this third embodiment, the primary module
20 1s supplied by a voltage source, and the charge 1s supplied
with current, an electromagnetic coil L¢ being connected in
series with the battery 12.

According to this third embodiment, the conversion sys-
tem 18 then has a so-called serial-parallel arrangement, the
pnmary capacitor C1 being connected in series with the
primary Wlndmg .1 and the secondary capacitor C2 being
connected 1n parallel with the secondary winding L.2.

The secondary switch SW2 i1s then connected 1n series
between one of the output terminals 38 and one end of the
secondary winding L2, the secondary capacitor C2 being
connected 1n parallel with secondary winding 1.2 on the one
hand, and the output terminals 38 on the other hand.

In a complementary manner, the primary switch SW1 1s
connected 1n parallel with the primary winding L1 and the
primary capacitor C1 that are connected 1n series on the one
hand, and with the mput terminals 34 on the other hand.

The operation of this third embodiment 1s 1identical to that
of the first embodiment previously described, and 1s not
described again.

The advantages of this third embodiment are i1dentical to
those of the first embodiment previously described, and are
not described again.

FIG. 11 illustrates a fourth embodiment of the mnvention
for which the elements i1dentical to the first embodiment,
previously described, are identified using identical refer-
ences.

According to the fourth embodiment, the primary module
20 1s supplied by a current source, and the charge 1s supplied
with voltage.

According to the fourth embodiment, the conversion
system 18 then has a so-called parallel-serial arrangement,
the prlmary capacitor C1 being connected in parallel with
the prnmary winding L1 and the secondary capacitor C2
being connected 1n series with the secondary winding L.2.

The secondary switch SW2 1s connected 1n parallel with
the secondary winding 1.2 and the secondary capacitor C2
that are connected 1n series on the one hand, and with the
output terminals 38 on the other hand.

In a complementary manner, the primary switch SW1 1s
connected 1n series between one of the mput terminals 34
and one end of the primary winding L1, the primary capaci-
tor C1 being connected 1n parallel with the primary winding
L1 on the one hand, and with the mput terminals 34 on the
other hand.
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The operation of this fourth embodiment 1s 1dentical to
that of the first embodiment previously described, and 1s
therefore not described again.

The advantages of the fourth embodiment are 1dentical to
those of the first embodiment previously described, and are
not described again.

One can thus see that the energy conversion system 18
according to the ivention, as well as the associated assem-
bly for recharging by induction 10, are less expensive and
less bulky than the energy conversion system and the
recharging assembly of the state of the art, since they make
it possible to pair the primary module 2 with the secondary
module 22, and more generally to exchange data between
the primary module 20 and the secondary module 22,
without requiring additional wireless communication mod-
ules.

The invention claimed 1s:

1. An electric energy conversion system, comprising a
primary module and a secondary module,

the primary module including two mput terminals capable

of receiving an electric current, a primary winding, and
a primary capacitor connected to the primary winding
and the mput terminals,

the secondary module including two output terminals, a

secondary winding, and a secondary capacitor con-
nected to the secondary winding and the output termi-
nals,

the primary winding being configured to induce a current

in the secondary winding when the primary winding
and the secondary winding are magnetically coupled
and a current 1s received between the mput terminals of
the primary winding, wherein

the secondary module further comprises a secondary

switch electrically connected to the secondary capaci-
tor and to the secondary winding, and circuitry config-
ured to control the secondary switch, the secondary
switch being able to switch, reversibly, between a first
configuration 1n which the current induced 1n the sec-
ondary winding flows to the output terminals, and a
second configuration in which said induced current
flows 1n a closed loop through the secondary winding
and the secondary capacitor without being delivered to
the output terminals,

when the primary module generates an electric pulse

through the primary winding while the secondary
switch 1s 1 the second configuration, the primary
module 1s configured to detect presence of the second-
ary module by detecting a number of resonance fre-
quencies of a current flowing 1n the primary winding.

2. The conversion system according to claim 1, wherein
the secondary switch 1s connected in parallel with the
secondary winding and the secondary capacitor connected 1n
series on the one hand, and with the output terminals on the
other hand.

3. The conversion system according to claim 1, wherein
the secondary switch 1s connected 1n series between one of
the output terminals and one end of the secondary winding,
the secondary capacitor being connected in parallel with the
secondary winding on the one hand, and with the output
terminals on the other hand.

4. The conversion system according to claim 1, wherein
the conversion system 1s reversible, the secondary winding,
being configured to induce a current 1n the primary winding,
when the primary winding and the secondary winding are
magnetically coupled and a current received between the
output terminals flows through the secondary winding,
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wherein the primary module further comprises a primary
switch electrically connected to the primary capacitor
and to the primary winding, and circuitry configured to
control the primary switch, the primary switch being
able to switch, reversibly, between a third configura-
tion, in which the current mmduced in the primary
winding flows to the mput terminals, and a fourth
configuration, 1n which said induced current flows 1n a
closed loop through the primary winding and the pri-

mary capacitor without being delivered to the input
terminals.

5. The conversion system according to claim 4, wherein
the primary switch 1s connected 1n parallel with the primary
winding and the primary capacitor connected in series on the
one hand, and with the input terminals on the other hand.

6. The conversion system according to claim 4, wherein
the primary switch 1s connected 1n series between one of the
input terminals and one end of the primary winding, the
primary capacitor being connected in parallel with the
primary winding on the one hand, and with the nput
terminals on the other hand.

7. The conversion system according to claim 1, wherein
the conversion system 1s configured to convert one direct
energy into another direct energy,

wherein the primary module includes an inverter con-

nected between the mnput terminals and the primary
winding, and

the secondary module including a rectifier connected

between the secondary winding and the output termi-
nals.

8. An induction recharging assembly for an electric bat-
tery, the assembly comprising an induction recharging
device for recharging by induction and an electric vehicle,
the electric vehicle including the electric battery,

wherein the induction recharging assembly comprises an

energy conversion system according to claim 4, the
induction recharging device including the primary
module, the electric vehicle including the secondary
module, the mput terminals being connectable to an
clectricity source and the output terminals being con-
nectable to the electric battery.

9. A method for transmitting data via a transmission
module to a receiving module, within an induction recharg-
ing assembly for an electric battery, the assembly including
a primary module and a secondary module,

the primary module including two input terminals capable

of receiving an electric current, a primary winding, and
a primary capacitor connected to the primary winding
and the 1nput terminals,

the secondary module including two output terminals, a

secondary winding, and a secondary capacitor con-
nected to the secondary winding and the output termi-
nals,

the primary winding being configured to induce a current

in the secondary winding when the primary winding
and the secondary winding are magnetically coupled
and a current 1s received between the input terminals of
the primary winding, wherein

the secondary module further comprises a secondary

switch electrically connected to the secondary capaci-
tor and to the secondary winding, and circuitry config-
ured to control the secondary switch, the secondary
switch being able to switch, reversibly, between a first
configuration 1 which the current induced 1n the sec-
ondary winding flows to the output terminals, and a
second configuration 1n which said induced current
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flows 1n a closed loop through the secondary winding
and the secondary capacitor without being delivered to
the output terminals,

wherein the primary module further comprises a primary
switch electrically connected to the primary capacitor
and to the primary winding, and circuitry configured to
control the primary switch, the primary switch being
able to switch, reversibly, between a third configura-
tion, in which the current induced in the primary
winding flows to the mput terminals, and a fourth
configuration, in which said induced current flows 1n a
closed loop through the primary winding and the pri-
mary capacitor without being delivered to the input
terminals,

wherein the method 1s carried out by the transmission
module chosen from among the primary module and
the secondary module and comprises:
controlling the switch of the recerving module among
the secondary switch and the primary switch, 1n the
corresponding configuration from among the second
configuration and the fourth configuration,
detecting an electric signal induced 1n the winding of
the transmission module following the generation of
at least one electric pulse between the terminals of
the receiving module, the recerving module corre-
sponding to the other module among the primary
module and the secondary module, said induced
signal flowing 1n the closed loop through the winding
and the capacitor of the transmission module.
10. A method for a recerving module to receive data from
a transmitting module, within an induction recharging
assembly for an electric battery, the assembly including a
primary module and a secondary module,
the primary module including two mput terminals capable
of receiving an electric current, a primary winding, and
a primary capacitor connected to the primary winding
and the mput terminals,
the secondary module including two output terminals, a
secondary winding, and a secondary capacitor con-
nected to the secondary winding and the output termi-
nals,
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the primary winding being configured to induce a current

in the secondary winding when the primary winding
and the secondary winding are magnetically coupled
and a current 1s recerved between the mput terminals of
the primary winding, wherein

the secondary module further comprises a secondary

switch electrically connected to the secondary capaci-
tor and to the secondary winding, and circuitry config-
ured to control the secondary switch, the secondary
switch being able to switch, reversibly, between a first
configuration 1 which the current induced 1n the sec-
ondary winding flows to the output terminals, and a
second configuration in which said induced current
flows 1n a closed loop through the secondary winding
and the secondary capacitor without being delivered to

the output terminals,

wherein the primary module further comprises a primary

switch electrically connected to the primary capacitor
and to the primary winding, and circuitry configured to
control the primary switch, the primary switch being
able to switch, reversibly, between a third configura-
tion, in which the current mmduced in the primary
winding flows to the mput terminals, and a fourth
confliguration, in which said induced current tlows 1n a
closed loop through the primary winding and the pri-
mary capacitor without being delivered to the input
terminals,

wherein the method is carried out by the rece1rving module

chosen from among the primary module and the sec-

ondary module and comprises:

generating at least one electric pulse between the
terminals of the receiving module, and

performing a frequency analysis of an electric signal
flowing through the winding of the recerving module
following the pulse generated between the terminals
of the receiving module, in order to determine the
configuration of the switch from among the second-
ary switch and the primary switch of the transmis-
sion module, the transmission module corresponding
to the other module among the primary module and
the secondary module.
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